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Abstract 
How the divergent morphologies emerged is a key issue for evolutionary biology. Recent 
prosperity of EvoDevo contributed to solve such a question. But it is still unclear how the 
concepts in EvoDevo are integrated into the Modern Synthesis. This is because EvoDevo 
researches did not fully evaluate the effect of developmental changes on actual organisms, 
especially about novel structures of multicellular organisms. In this study, I dealt with the 
larval skeleton of echinoderms as an example for evolution of a novel structure. Larval 
skeleton is the derived feature that is seen in larvae of some echinoderm classes: sea urchins, 
brittle stars and sea cucumbers. Recent studies suggested that larval skeleton of echinoderms 
arose by heterochronic shift of the adult skeletogenic machinery that all echinoderms possess. 
But the molecular basis of this evolution has not been studied. Here, I surveyed what kind of 
molecular evolution was involved in the evolution and found that heterochronic shift of alx1 
into larval stage may be an important change. To validate the importance of this change for the 
actual morphological evolution, I artificially expressed alx1 gene in starfish embryos that have 
no skeleton and thus possess ancestral state. Although the attempt did not induce any 
morphological change, the comprehensive genetic analysis using Next generation sequencer 
revealed that slight changes occurred in terms of gene expression. Some of them seemed 
 
 

actually involved in skeletogenesis of starfish. These results indicate that the larval expression 
of alx1 was highly likely to be involved in the evolution of larval skeleton but insufficient for 
induce ectopic mineralization. The results also suggested that some changes in developmental 
toolkit could be neutral or potentially adaptive in a certain situation. From such findings, I 
discussed that the complex trait that requires multiple genetic changes could evolve in the 
natural population through neutral genetic changes. 
   
 
 
 
 
 
 
 
 
 
 
 
 
p. 3- p. 50 were deleted, 
because these pages include published data (Koga et al., 2010) 
and data that will be published. 
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